Summary: The effect of storage at -80 °C for 1-28 days on the activity of 12 enzymes in intact liver tissue, liver extract and isolated hepatic microsomes was investigated. To find optimal conditions for tissue homogenization for this study the effects of three types of homogenization on the activity of 10 enzymes from different cell compartments were compared. The activities of glucokinase and phosphofructokinase decreased markedly during storage of both supernatant and liver tissue. Storage of liver tissue increased the activity of mitochondrial enzymes or isoenzymes. While this effect can be explained by additional disintegration of liver tissue caused by freezing and thawing for enzymes like glutamate dehydrogenase, other mechanisms may be involved in the prolonged increase observed in the activity of citräte synthase and xanthine oxidase during storage. The activity of a number of enzymes from the cytosol, mitochondria and microsomes decreased more markedly in the stored liver samples than in the stored supernatant or in the stored microsomal pellet.
Introduction
The effect of storage on the activity of single enzymes (1, 2, 3) and groups of enzymes (3, 4, 5) was the subject of earlier investigations, using intact liver tissue. These investigations were mainly performed at 0-4 C (4, 5) or at -20 °C (l, 5, 6) , and, with one exception (6), the stability was tested only for short periods of time. Concerning enzymes in supernatants of liver homogenates, 1t has been stated that they cannot be stored for any appreciable length of time even at -20 °C (5) .
The aim of the present study was to investigate the effect of storage at -80 °C on the activity of 12 enzymes in rat liver tissue, in supernatant of a liver homogenate and in isolated microsomes from the same liver lobe. The enzymes were selected partly for their relevance to other studies in this laboratory. For many enzymes the type of tissue homogenization distinctly influences the activity determined in vitro (3, 4) . To define more clearly the optimal conditions for the present study, the effect of three homogenization procedures on the activity of 10 of the enzymes localized in the cytosol and/or mitochondria was compared prior to the storage experiments.
Material and Methods
Male Wistar rats (250-280 g body weight) from Ivanovas (Kiß-legg, FRG) were used. The animals were allowed free access to a commercial Standard diet (Altromin, Lage, FRG) and water. The food was withdrawn 12h before the liver was removed under slight ether anesthesia between 9.00-1.00 a.m. Oniy tissue from the same major (right) liver lobe was used for all studies.
Study I

Preparation of tissue
Samples of about l g of liver were cut into pieces in the fivefold volume of KQ-solution (l l .5 g/l). All procedures were carried out at 0-4 °C except where otherwise stated. Three types of tissue preparation were compared (3): a) Homogenization by means of a Potter-Elvehjem homogenizer (teflon/glass; clearance 0.1 mm). To ensure constant conditions a drilling machine (type SB2E-600, AEG, FRG) with electronically regulated revolutions per minute was used. The sampies were homogenized in ice 4 times for 30 s using a speed of 690 min~ with one minute interruptions for cooling. b) Homogenization with a blade homogenizer (Ultra-Turrax, Janke u. Kunkel, Staufen/Br., FRG). The homogenization was performed 4 times for 15 s (speed 15,000 min' 1 ) with one minute interruptions using an ice-salt-mixture (-8 °C to -10 °C) for cooling. c) Combined homogenization by means of a Potter-Elvehjem homogenizer äs described in section (a) and an additional homogenization using the Ultra-Turrax for 15 seconds. Following centrifugation at 100 000 g for 60 min (Spinco ultra centrifuge, Beckman Instruments) the supernatants of homogenates a)-c) were used immediately for the enzyme assays.
Study II Effect of storage on enzyme activities About 2 g of liver were taken for immediate homogenization using the Potter-Elvehjem homogenizer (see proceduie a), study I). Four additional sampies of about 0.6 g were stored at -80 °C in sealed plastic tubes. Microsomes were isolated from the homogenate by fractionäted centrifugation according to Kalo & Gilette (7) . The microsomal pellet (5 tubes) was stratified with the 9-fold volume of ice-cpld KO-solutiöfi (11.5 g/l). Four of the tubes Were stored at -80 °C, one was rehomogenized (P0fier-£7ve/2/em-homögenizer, 2 X 15 s, 150 min"" 1 ) for immediate assay. Following centrifugation at 100 000 g the supernatant was divided into 5 equal volumes; again four of them were stored in sealed plastic tubes at -80 °C, and one part was taken for immediate assay. The stored sampies were homogenized after 3,7, 14 and 28 days respectively, using the procedures mentioned above. The enzyme activities were determined in both the stored supernatant (or isolated micrösomes) and in the supernatant (isolated microsomes) of the stored sampies of the same time intervals (3, 7, 14 and 28 days).
Enzyme Assays Glucokinase (ATP: jD-glucose 6-phosphotransferase; EC 2.7.1.2), glucose-6-phosphate dehydrogeriase Cp-glucose-6-phosphate: NADP 1-oxidoreductase; EC 1.1.1.49), fructose-bisphpsphatase (D-fructose-l,6-bisphosphate l-phosphohydrölase;EC 3.1.3.11), 6-phosphofructokinase (ATP: £>-ffuctpse-6-phosphate 1-phosphotransferase; EC 2.7.1.11), glutamate dehydrogenase (X-glutamate: NAD (P) oxidoreductase (deaminating); EC 1.4.1.3) were assayed äs described by Bücher et al. (8) . L-aspartate: 2-oxoglutarate aminotransferase (EC 2.6.1.1), L-alanine: 2-oxoglutarate aminotransferase (EC 2.6.1.2), xanthine oxidase (xanthine: oxygen oxidoreductase; EC 1.2.3.2), ornithine carbamoyl transferase (carbamoylphosphate: ,-ornithine carbamoyltransferase; EC 2.1.3.3) and glucose-6-phosphatase (£>-glucose-6-phosphate phosphohydrolase; EC 3. l .3.9) were assayed äs described by Berg· meyer (9) . Citrate synthase (citrate oxaloacetate lyase; EC 4.1.3.7) was determined according to Wieland (10) , and Arginase (/,-arginine ureohydrolase; EC 3.5.3:1) according to Greenberg (11) . Cytochrome c (b 5) oxidoreductase (EC 1.6.2. a) was determined with NAD and NADP äs coenzyme by the method of Mayer et al. (l2) and Cytochrome P 450 according to McLean and Day (l 3) using a Beckman Acta V double beam spectrophotometer. All the enzyme assays were carried out at 25 °C. The temperature in the cuvettes was controlled using a thefmorneter at intervals of about l h. The activities are expressed äs of Substrate transformed per minute per gram fresh weight of tissue. Protein was determined by the Biuret method using KCN to eliminate lipid turbidity (14) .
Results
Homogenization of liver tissue
The results obtained by comparing the 3 homogenization procedures are summarized in table 1. Using the PotterElvehjem homogenizer alone maximal activities were obtained in 6 out of 10 erizymes tested. Incomplete extraction with this procedure was obtained for the three enzymes which are partially or totally localized in the mitochondria. In spite of careful cooling of the homogenate the Ultra-Turrax homogenization resulted in marked loss in the activity of several cytoplasmic enzymes. On the other hand with this type of homogenization maximal or near maximal activities were found for the soluble mitochondrial enzymes (glutamate dehydrogenase, citrate synthase, aspartate: 2-oxoglutarate aminotransferase). Maximal activities for the latter enzymes were also achieved by the combined method (tab. l, III). However, even the short homogenization (15 seconds) with the Ultra-Turrax resulted in a pronounced fall in the activity of several enzymes of the cytosol.
Effect of storage at -80 °C on liver enzyme activities
Stored supernatant
Storage of the 100 000 £ supernatant lead to a distinct loss of the activity of glucokinase and 6-phosphofructokinase ( fig. 1) while the activity of all other enzymes remained unchanged with the exception of xanthine oxidase, the activity of which exhibited a two-fold increase within 2 weeks ( fig. 2 ).
Stored microsomes
The activity of NAD-cytochrome c oxidoreductase and glucose-6-phosphatase decreased within two weeks and remained nearly unchanged thereafter ( fig. 3 ). The content of cytochrome P 450 and the activity of NADP dependent cytochrome c oxidoreductase remained fairly stable.
Stored liver tissue
Storage of samples of liver tissue had four major effects:
1) The activity of aspartate: 2-oxoglutarate aminotransferase increased 2.5-fold witliin 3 days. In control experiments the same effect was seen after storage at -80°Cforl2h. 2) An even more pronounced, although less rapid, increase in the activity was seen for glutamate dehydrogenase ( fig. 2 ).
3) A marked increase in the activity was also observed for citrate synthase and xanthine oxidase ( fig. 2) . However, unlike the changes observed for the two former enzymes, maximal activity was not reached before 2 weeks of storage ( fig. 2 ).
4) The activity of certain other enzymes decreased more markedly in the stored liver samples than in the stored supernatant ( fig. 1 ) or in the stored mierosomat pellet . (fig. 3 ).
Discussion
Type of hom genization
The measurement of several enzymes within one sample of liver tissue raises rn ny problems. This is especjally true when enzymes of different cellular compartnients are to J. Qin. Chem. Clin. Biochem. / Voi. !20, 1982 / No. l be determined. The necessity to find a compromise for each particular investigation has repeatedly been documented (3, 4, 9) . Our data are in general agreement with earlier reports on the preparation of liver tissue in order to measure enzymes from the cytosol and rnitochondrial compartment (3, 4) . The main additional Information obtained from our study is the pronounced inactivation of ornithine carbamoyl transferase and fructose-biphosphatase by the blade homogenizer even if the latter is used only for a very short period of time. Mechanical factors äs well äs local increase in temperature, in spite of cooling, due to the high speed of the blade and due to surface tension or bubbles which are regularly produced by this procedure, may contribute to the rapid inactivation of these enzymes. To avoid äs far äs possible any inactivation of enzymes by the preparation procedure, homogenization with the Potter-Elvehjem homogenizer was used for the study of the effects of storage on hepatic enzymes.
Effect of storage
The decrease in activity of glucokinase and of phosphofructokinase during storage at -80 °C observed in this study is in accordance with the results reported by others for the effect of storage at -20 °C on glycolytic enzyme activities in liver tissue (5, 6) . However, the transitory sharp rise in the activity of phosphofructokinase during the first 3 days of storage reported by Cryer &*Bartley (6) could not be confirmed. Whether the loss in activity of the glycolytic enzymes is due to the effect of conformational changes or to other factors, like the effect of proteinases (6) or deamidation of amide groups of proteins, which has been shown to occur for the corresponding free amino acids in plasma at -20 °C (15), remains speculative.
In contrast to earlier findings obtained in storage experiments at -20 °C (5,6) the activity of most of the other enzymes remained constant or increased when either liver samples or the supernatant were stored. As already mentioned, the marked increase in the activity of aspartate: 2 oxoglutarate aminotransferase and glutamate dehydrogenase are likely to be due to liberation of these enzymes by disintegration of mitochondria by freezing and thawing. The delayed rise in the activity of glutamate dehydrogenase might be explained by another location of this enzyme within the mitochondria. More difficult to explain is the constant increase in the activity of citrate synthase for two weeks in stored liver tissue and for xanthine oxidase in both liver samples and supernatant. Conformational changes of the enzymes caused by alteration of the water, protein and electrolyte enviroment on freezing and/or extraction may contribute to the increase in the activity of these enzymes.
The results for the effect of storage on the content of cytochrome P 450 in both intact liver or isolated microsomes, arean agreement with earlier findings (13) . NAD and NADP-dependent cytochrome c (b 5) oxidoreductase is obviously more stable in isolated microsomes than in the stored intact tissue.
